Campylobacteriosis is a frequently reported, food-borne, human bacterial disease that can be associated with ruminant reservoirs, although public health messages primarily focus on poultry. In Washington State, the two counties with the highest concentrations of dairy cattle also report the highest incidences of campylobacteriosis. Conditional logistic regression analysis of case-control data from both counties found living or working on a dairy farm (odds ratio [OR], 6.7 [95% confidence interval [CI], 1.7 to 26.4]) and Hispanic ethnicity (OR, 6.4 [95% CI, 3.1 to 13.1]) to have the strongest significant positive associations with campylobacteriosis. When the analysis was restricted to residents of one county, Hispanic ethnicity (OR, 9.3 [95% CI, 3.9 to 22.2]), contact with cattle (OR, 5.0 [95% CI, 1.3 to 19.5]), and pet ownership (OR, 2.6 [95% CI, 1.1 to 6.3]) were found to be independent risk factors for disease. Campylobacter jejuni isolates from human (n ‫؍‬ 65), bovine (n ‫؍‬ 28), and retail poultry (n ‫؍‬ 27) sources from the same counties were compared using multilocus sequence typing. These results indicated that sequence types commonly found in human isolates were also commonly found in bovine isolates. These findings suggest that, in areas with high concentrations of dairy cattle, exposure to dairy cattle may be more important than food-borne exposure to poultry products as a risk for campylobacteriosis.
C ampylobacteriosis is the most frequently reported enteric bacterial disease in Washington State (http://www.doh.wa.gov/ DataandStatisticalReports/DiseasesandChronicConditions/Comm unicableDiseaseSurveillanceData/AnnualCDSurveillanceReports .aspx). Campylobacter jejuni infection in humans causes a selflimiting diarrheal illness, which may be accompanied by abdominal cramps and bloody diarrhea (1) . Approximately 17% of cases require hospitalization (2) . Guillain-Barré syndrome is a rare but severe sequela to infection that is characterized by flaccid paralysis (3) . Epidemiological studies conducted since C. jejuni was first identified as a human pathogen have consistently found that consumption of undercooked poultry is an important source of infection (4) (5) (6) (7) (8) (9) (10) (11) . However, among six published studies that reported etiological fractions from Washington State (5) , Australia (10) , Switzerland (12) , the United States (6) , and King County, Washington (8) , none determined that the food-borne route of exposure to poultry accounted for more than approximately 50% of disease risk, suggesting that other sources and routes of transmission contribute significantly to the total disease burden.
In Washington State, Whatcom County and Yakima County have the highest concentrations of dairy cattle (http://quickstats. nass.usda.gov/results/DE129148-B56C-3885-BCC6-B489219110 9A). Both counties also had significantly higher average annual reported campylobacteriosis rates (expressed as cases per 100,000 population) between 2006 and 2010 than did other Washington State counties (http://www.doh.wa.gov/Portals/1/Documents/51 00/420-004-CDAnnualReport2010.pdf) (see Fig. S1 in the supplemental material). Similar correlations between disease incidence and cattle density have been reported for Manitoba and Ontario, Canada, and Sweden (13) (14) (15) . In a cross-sectional survey of 96 dairy operations in the United States, Englen et al. found that 97.9% of dairy operations and 51.2% of individual samples were positive for Campylobacter spp. (16) . In a longitudinal feedlot study, the per-animal prevalence increased with time in the feedlot, from 1.6% to 61.3% just before slaughter (17) . Domestic cattle, including both feedlot and dairy cattle, therefore may represent a significant reservoir for this human pathogen.
To test the hypothesis that direct contact with cattle and their environment may contribute significantly to human campylobacteriosis in Washington State and to quantify that contribution, we conducted a case-control study targeting high-cattle-density counties in Washington State. In addition, we compared C. jejuni isolates from human, cattle, and retail chicken sources using multilocus sequence typing (MLST) (18) . An eligible case was defined as any laboratory-confirmed campylobacteriosis case reported to a Whatcom County or Yakima County local health jurisdiction. To be eligible, a case patient's primary residence must have been within one of those counties during the study period. Case patients who traveled during their entire exposure period were excluded. The exposure period for a case was defined as the 10 days preceding the onset of symptoms. If more than one person in a household was reported to have a laboratory-confirmed Campylobacter infection, only the first person in the household to acquire the illness (the index case) was included.
MATERIALS AND METHODS
Control identification and interviews. Identification of age-and county-matched control subjects and subsequent interviews were conducted at the WSU Social and Economic Sciences Research Center (SESRC). To identify potential controls, a random-digit-dialing sample frame was used. To be eligible for the study, potential controls needed to match the age of the related reported case according to the following age categories: Ͻ1 year, 1 to 2 years, 3 to 4 years, 5 to 12 years, 13 to 19 years, 20 to 39 years, 40 to 59 years, or Ն60 years. Potential controls also had to reside in the same county as the matched case. If potential control subjects or any of their household members had experienced either fever and abdominal pain or a diarrheal illness during the previous 2 weeks, then they were excluded from the study. To minimize recall bias, questions for control subjects referred to the 2 weeks preceding the interview. The control questions were designed to match the questions asked of case subjects except for questions concerning symptoms and the severity of illness, other than to confirm the absence of a recent history of diarrhea. Our goal was to interview at least 133 case subjects and 266 control subjects (two controls per case), which was estimated to give a statistical power of at least 0.80 to detect an odds ratio (OR) of 3.0 or higher (19) .
Data analysis. Data were analyzed using SAS/PC software (SAS Institute, Inc., Cary, NC). The associations between individual risk factors and disease were assessed using the Cochran Mantel-Haenszel chi-square option in PROC FREQ. A conditional multivariable logistic regression analysis of the matched case-control data was carried out using PROC LOGISTIC in SAS. The conditional logistic model specified the two matching variables (county and age category) in the STRATA statement. The model was built using a backward stepwise method with the requirement for a significance level of Յ0.1 to remain in the model. The population attributable risk (PAR) percentage, or etiological fraction, was calculated using the odds ratio (OR) as an estimate of the relative risk and the following formula: PAR% ϭ [(PE cases ) ϫ (1 Ϫ 1/OR)], where PE cases is the proportion of cases exposed (20) . Ninety-five percent confidence intervals (CIs) around the PAR percentage values were calculated according to the method of Natarajan et al. (21) .
Bacterial isolates and genotyping. (i) Human isolates. Clinical C. jejuni isolates with no identifiers were obtained from two major clinical laboratories in Yakima County and one in Whatcom County (both counties in Washington State). These were obtained from the same region and time period (2009 to 2010) as the epidemiological study cases, but we were not able to obtain clinical isolates linked to the interviewed case subjects.
(ii) Bovine isolates. Field isolates obtained in 2007 to 2010 from Washington dairy cattle were utilized in this study (M. A. Davis and J. H. Harrison, unpublished data). Culture and isolation were carried out as described previously (22) . To represent the diversity among cattle isolates, Campylobacter jejuni isolates from 13 different dairy farms that either were obtained from separate farms or in different years or had different sequence types (STs) were selected (see Table S1 in the supplemental material). Campylobacter isolates were stored at Ϫ80°C at the Field Disease Investigation Unit (FDIU) laboratory of the WSU College of Veterinary Medicine.
(iii) Culture and isolation from retail chicken. Retail chicken isolates were obtained from chicken purchased from local grocery stores in the cities of Yakima in Yakima County and Bellingham in Whatcom County, Washington, in 2009 and 2010. Purchased chicken packages were transported on ice to the FDIU laboratory, where chicken pieces were homogenized in a laboratory blender (Seward Stomacher 80; Seward Laboratory Systems, Port Saint Lucie, FL) and blended in sterile buffered peptone water (Hardy Diagnostics, Santa Maria, CA). Samples (20 ml) from this mixture were transferred into 100 ml Bolton broth (Oxoid Inc., Ogdensburg, NY) and incubated aerobically at 42°C for 48 h. Samples were then filtered (0.45 m) onto 5% sheep blood agar (SBA) (Hardy Diagnostics), followed by microaerophilic incubation at 37°C for 48 to 72 h. Suspect colonies were transferred to SBA plates and reincubated at 37°C for 24 h under microaerophilic conditions. Suspect colonies were stained with Victoria Blue stain (MP Biomedicals, Solon, OH) and examined under a microscope. Each isolated colony was stored at Ϫ80°C in 0.5 ml sterile 10% glycerol (Fisher Chemical, Waltham, MA) in 1.0% proteose peptone (Hardy Diagnostics) until further characterization. Table S1 in the supplemental material describes the provenance of the isolates used in this study.
Multilocus sequence typing. Genomic DNA was extracted from Campylobacter isolates using a QIAamp DNA Micro kit (Qiagen, Germantown, MD), according to the manufacturer's instructions. Campylobacter jejuni species were differentiated from Campylobacter coli by using PCR primers targeting the Campylobacter lpxA gene and cycling conditions described previously (23) . MLST was carried out with extracted genomic DNA as described previously (18, 24) . Products were submitted to Functional Biosciences (Madison, WI) for sequencing. Sequences were analyzed using Vector NTI software (Life Technologies, Grand Island, NY), and the resulting sequence data for seven housekeeping genes were submitted to the PubMLST database website (http://pubmlst.org/campylobacter) (25) for allele, sequence type (ST), and clonal complex assignments.
RESULTS
A total of 214 controls were identified that matched cases according to age group and county of residence in Washington State. Because controls were identified after the cases were reported and certain age groups were difficult to match, the number of controls in each age group did not equal 2 times the number of cases. Among 151 Whatcom County residents, 57/69 (82.6%) cases and 1/82 (1.2%) controls were lacking race/ethnicity data. Among 239 Yakima County residents, 5/107 (4.7%) cases and 2/132 (1.5%) controls were lacking race/ethnicity data. Hispanic ethnicity was strongly associated with case status (Table 1) ; therefore, to address the potential bias introduced by missing ethnicity data, an analysis restricted to Yakima County data was also conducted. The following exposure variables were not significantly associated with campylobacteriosis in the single-variable analysis and were not introduced into the multivariable analysis (chi-square P values of Ͼ0.10): eating at a restaurant, sharing a group meal, consuming unpasteurized dairy products, drinking from water sources other than bottled water, hunting, camping, visiting a farm or agricultural fair, having contact with camelids, goats, pigs, or sheep, caring for an animal at home, and touching an animal ( Table 1) .
Variables that were associated with campylobacteriosis in the single-variable analysis (chi-square P values of Յ0.10) were entered into the logistic regression model (Table 1 ). Stepwise elimi- Factors that were significantly associated with being a control subject ("protective" factors) in the multivariable model included eating poultry, handling raw poultry, and gardening. The estimated PAR percentages, or etiological fractions, for living or working on a dairy farm and having contact with a sick pet were 9.7% (95% CI, 2.5 to 16.1%) and 4.9% (95% CI, 0 to 10.5%), respectively ( Table 2) . When the analysis was restricted to Yakima County, Hispanic ethnicity, any contact with cattle, contact with live poultry, living or working on a nondairy farm, and pet ownership were independently associated with having a case of campylobacteriosis, although the 95% confidence interval for contact with live poultry surrounded 1. Factors significantly associated with being a control subject in the Yakima County data included eating poultry, gardening, and having contact with horses. The estimated etiological fractions for contact with cattle, contact with live poultry, living or working on a nondairy farm, and pet ownership were 11.5% (95% CI, 1.5 to 21.0%), 12.9% (95% CI, 0 to 25.4%), 14.3% (95% CI, 0 to 27.0%), and 37.4% (95% CI, 4.6 to 60.0%), respectively (Table 3) .
Twenty-eight bovine, 65 human, and 27 retail chicken C. jejuni isolates were assayed using the 7-locus MLST protocol of the Oxford (United Kingdom)-based C. jejuni multilocus sequence typing website (http://pubmlst.org/campylobacter) (25) . The ST-21 clonal complex was the most commonly identified clonal complex in our data overall (31/120 isolates [25.8%]) and represented 50.0% of the bovine isolates (14/28 isolates) and 26.2% of the human isolates (17/65 isolates). The ST-45 clonal complex was isolated from all three sources and was the most frequent clonal complex found in retail chicken isolates (11/27 isolates [40.7%]). Among the eight isolates that were assigned to four sequence types (STs) that did not belong to any known clonal complex, none was isolated from both human and chicken sources, but one isolate, ST-934, was isolated from both bovine and human sources ( Table 4 ).
DISCUSSION
The findings of this study supported the hypothesis that living or working on a dairy farm or having contact with cattle is associated with increased risk for campylobacteriosis in Washington State counties that have high concentrations of dairy cattle. In the overall data, the estimated etiological fraction associated with dairy farm exposure was 9.7%, suggesting a significant contribution to the human disease burden ( Table 2 ). When data from Yakima County were analyzed separately, any contact with cattle was significantly associated with disease and contributed an estimated 12% of disease (Table 3) . Contact with a sick pet in the overall data and any pet ownership in the Yakima data were also associated with disease. Because pet ownership was prevalent among Yakima County cases (60.8%), the estimated proportion of disease contributed by this exposure was large (37.4%) ( Table 3) . Additional exposures significantly associated with disease in this study were contact with a sick pet ( Table 2 ) and contact with live poultry ( Table 3 ), suggesting that live animal contact is an important source of exposure to Campylobacter. The finding that pet ownership and contact with sick pets are risk factors for campylobacteriosis is consistent with previous epidemiological studies that reported contacts with pets, particularly puppies and kittens with diarrhea, as significant risk factors (10, (26) (27) (28) .
In Yakima County, living or working on a nondairy farm and having contact with live poultry were both associated with disease and with etiological fractions of 13 to 14%, although the confidence limits surrounding the latter did not exclude 0. Whether case subjects owned backyard poultry or worked in poultry production was not directly asked of the subjects, although five of 43 subjects who reported working on a nondairy farm listed the type of farm as poultry and four of those were case subjects. Other case-control studies either reported elevated risk associated with contact with farm animals without specifying whether that included live poultry (6, 26) or found elevated risk associated with farm animals, including live poultry (29) . A study conducted in Australia found elevated risk associated with domestic chickens (10) , and a study conducted in rural Michigan found that, of all exposures studied, poultry husbandry had the strongest association with campylobacteriosis (30) . While the confidence intervals surrounding the PAR percentage estimates for live poultry contact, living or working on a nondairy farm, and pet ownership included 0, the upper bounds ranged from 25 to 60%. Therefore, these factors have the potential to be significant contributors to disease and merit further investigation.
Consumption of undercooked poultry was reported more frequently by case subjects than by control subjects but, because of missing data on this variable, it could not be analyzed. However, consumption of any poultry was significantly inversely associated with disease. In the Michigan study in which campylobacteriosis was found to be associated with poultry husbandry, poultry meat consumption was found to be protective (30) . The authors speculated that rural populations may be more experienced at food preparation. We currently lack data to support or contradict that explanation. A large U.S. study of sporadic campylobacteriosis found that eating poultry or nonpoultry meat prepared at home was associated with decreased risk, while eating poultry or nonpoultry meat prepared at a restaurant was associated with an increased risk of campylobacteriosis (6) . In the single-variable analysis, factors associated with sports and outdoor activities (sports, mountain biking, contact with horses, yard work, lawn mowing, and gardening) were significantly protective; among those factors, gardening and contact with horses remained in the multivariable models. These activities are likely to be associated with other unmeasured factors (e.g., income, level of education, occupation, or dietary preferences) that may directly protect against exposure to Campylobacter.
We found a consistently strong association between Hispanic ethnicity and campylobacteriosis, independent of other exposures. We did not ascertain education or income levels of case and control subjects and so we were unable to determine if the role of ethnicity in risk might have been explained by those two factors. A recent study of campylobacteriosis in children Ͻ3 years of age also found an association between Hispanic ethnicity and campylobacteriosis, independent of income level and education level (31) . Our study did not identify specific food preferences or handling practices that may have been associated with Hispanic ethnicity and risk. Ethnicity-associated risk for enteric infections is another area of campylobacteriosis epidemiology that warrants further study.
A limitation of this case-control study was that the small sample size resulted in wide confidence limits and a potential inability to detect significant associations. The strength of the association between contact with live poultry and campylobacteriosis supports the idea that contact with live poultry is a risk factor (Table  3 ), but the 95% confidence limits surrounded 1. A potential source of bias existed because case interviews were conducted by LHJ personnel but control interviews were conducted by SESRC personnel. Thus, cases and controls were interviewed differently, although the questionnaire contents were the same. In addition, the identification of subjects using a random-digit-dialing sampling frame might have biased the data if cases were less likely to have landline telephones than controls; thus, controls might not represent the population from which cases arose. Cases with missing data were excluded from the analysis, and introduction of bias due to differential exposure ascertainment was likely due to differences in approaches by the two interviewer groups, rather than omission of specific questions. Nevertheless, our findings strongly indicate that contact with live food production animals is a significant risk factor for campylobacteriosis in these two counties, possibly more significant than food-borne transmission. Broaderbased epidemiological data also support a contribution to human disease from the bovine reservoir. The strongest association (adjusted odds ratio, 21.0 [95% CI, 2.5 to 178]) reported from a FoodNet case-control analysis of sporadic campylobacteriosis was with farm animals among persons 2 to 12 years of age (6) , and a FoodNet study on risk factors for campylobacteriosis in infants (27) indicated that visiting or living on a farm contributed significantly to the burden of disease (population attributable fraction, 20.1%). Poultry and bovine husbandry were found to be more significant than eating undercooked poultry or pork in the Michigan study (30) , and a study in Norway found that the relative risk of occupational exposure to animals was second only to eating undercooked pork (29) .
The results of MLST analysis of isolates obtained from cattle, retail chicken, and humans in the current study also supported a contribution to human infection from cattle. The limited number of retail chicken isolates prevents further inferences about their contribution to the human burden of disease, but the similarity of the MLST type distributions in cattle and human isolates is consistent with our epidemiological finding that living or working on a dairy farm is a significant risk factor. The epidemiological finding that exposure to live poultry is highly associated with human disease does not contradict our finding that relatively few human isolates matched retail chicken isolates by MLST. The retail chicken samples were purchased in the counties where the study took place, in order to detect the MLST types that would represent local food-borne exposures, although the chicken may have originated in poultry production facilities in geographically distant regions of the United States. Another reason that the distributions of MLST types may differ among human populations exposed via food-borne chicken versus live poultry is that Campylobacter MLST types have different rates of survival through the slaughter and postslaughter processes, resulting in a less diverse distribution in retail poultry than in preslaughter poultry. These results suggest that further studies should involve local live poultry sampling in addition to more-extensive sampling of retail poultry.
The most frequent MLST clonal complex in the human and bovine isolates was ST-21 complex (Table 4 ). This clonal complex is reported frequently for humans, cattle, and poultry in diverse geographic locations (32) (33) (34) . The most frequent ST within the ST-21 complex was ST-982, which included 7 human isolates and 6 bovine isolates. This is consistent with published sequence types of C. jejuni originating in the western United States, where ST-982 originated primarily from cattle or other ruminants (http: //pubmlst.org/campylobacter). ST-42 complex and ST-61 complex isolates from cattle in our study were also consistent with reports of cattle-origin C. jejuni from other regions of the United States (33) . Multiple molecular genotyping studies have found that Campylobacter isolates from bovine and human hosts frequently have the same genotype by a variety of methods, including pulsed-field gel electrophoresis (PFGE), randomly amplified polymorphic DNA (RAPD) typing, flagellin gene typing, and MLST (35) (36) (37) (38) (39) (40) . A New Zealand study conducted in a dairy farming area that included comparisons between genotypes of Campylobacter from humans, cattle, and poultry found that cattle-origin isolates had a distribution of subtypes more similar to that of human-origin isolates than poultry-origin isolates (36, 41) . A study in Denmark using multiple subtyping methods found that subtype sharing was approximately as frequent between poultry and humans as between cattle and humans (39) , and a comparison between human, poultry, and raw milk isolates in Québec, Canada, found that three of 10 clonal complexes included isolates from human, raw milk, or water sources (42) . Thus, while the relative contribution of cattle-origin Campylobacter to human infections seems to vary regionally, overall a significant proportion of human infection is attributable to ruminant sources. In this case-control study, however, the burden of campylobacteriosis was not completely explained by the risk factors that we investigated. To accomplish this, a more comprehensive study involving complex and exhaustive data-gathering, including obtaining clinical isolates that are linked to epidemiological data, needs to be conducted. This study contributes to the evidence supporting cattle exposure as a significant risk factor for campylobacteriosis. Exposure to live cattle may deserve a higher profile in the informational material provided by public health agencies.
